V isual impairment remains a major public health problem worldwide. A global initiative-VISION 2020: The Right to Sight-was launched in 1999 by the World Health Organization (WHO) and the International Agency for Prevention of Blindness with the aim of eliminating avoidable blindness by 2020. 1 In 2002, WHO estimated that there were 161 million people with visual impairment, of whom approximately 37 million were blind. Over 90% of the visually impaired live in developing countries. The prevalence of visual impairment in developed countries was significantly lower than that reported for those developing countries. [2] [3] [4] [5] [6] [7] [8] In China, WHO estimated the prevalence of blindness in people ‡50 years as 2.3%. 2 This estimation was mainly based on two major population-based studies conducted in Shunyi, 7 a suburban area near Beijing, and Doumen, 8 a county in rural Guangdong Province. However, Shunyi is not rural and Doumen is quite affluent. Therefore, the estimates above could have underestimated the magnitude of visual impairment among the ethnic population living in economically underdeveloped areas. China has a total of 56 different recognized ethnic groups, many living in dissimilar environments. All the preceding studies focused on ethnic Han Chinese populations, none on ethnic minorities. This study, the Yunnan Minority Eye Study (YMES), was designed to determine the prevalence and impact of eye diseases among rural southwestern Chinese populations of the minority nationality (including the Bai, Dai, and Yi nationality). As a part of YMES, the initial results of the prevalence and causes of visual impairment in an Elderly Bai Population are now reported.
The 2000 national census estimated that the population of Bai nationality was 1.86 million in China and approximately 80% live in concentrated communities in the Dali Bai Autonomous Prefecture in Yunnan Province in the southwestern region of China. 9 The rest are scattered in Xichang and Bijie in neighboring Sichuan and Guizhou provinces, respectively. Archaeological finds from Canger and Haimenkou show that the Erhai area (Dali) was inhabited as early as the Neolithic Age. 10 Dali County, located in the west of Yunnan, was the political, economic, and cultural center of the Dali Bai Autonomous Prefecture. In 2000, Dali had an estimated population of 521,169, of whom 66.6% are of Bai nationality and 95,567 are ‡50 years old. 11 The average annual income per rural resident is 3078 Yuan (<485 USD).
There have been no published reports on the prevalence and causes of visual impairment in the Bai ethnic group living in rural China. To address this gap in knowledge, the authors conducted a population-based survey in a sample of Bai population aged 50 years and older living in Dali.
METHODS

Sampling and Enumeration
Ethical approval was obtained from the Kunming Medical University Ethics Review Board. The study was conducted in accordance with the tenets of the World Medical Association's Declaration of Helsinki. Dali is a county-level city covering an area of 1815 square kilometers. Dali has nine rural towns and two urban towns (the Xiaguan and Gucheng town). Each rural town comprises many small administrative villages. In this study, a random cluster sampling method was used to identify eligible participants. A village with a population size of approximately 1000 would be considered a potential sampling unit. Based on geographic proximity, villages with a population size smaller than 750 would be combined and those with a population size larger than 1500 would be divided and regrouped. In this way, study authors created 259 arbitrary cluster sampling units; each cluster unit had a population size of between 900 and 1100. With a computerbased randomization program offered by the Zhongshan Ophthalmic Center, 12 clusters were randomly selected to reach a target sample size of this study. Field work was conducted from January 2010 to April 2010. Listing of households with the names of residents ‡50 years of age were obtained from the village registers. By door-to-door household visits, the name, age, sex, education level, and spectacle usage of subjects was obtained. Unregistered Bai adults ‡50 years of age who had been living in the village longer than 6 months were enumerated and included in the study. Individuals who had been certified as being out of the location for more than 6 months were excluded from the study, despite their household registration. Written informed consent was obtained from the participants at the examination site.
Eye Examination
Study participants were examined according to a prescheduled date established at the time of enumeration. Identity of the subjects was verified using the subjects' official photo identity cards. A standard questionnaire was administered by a trained interviewer to collect details of ophthalmic history, general medical history, income, and education. Distance visual acuity (VA) was measured employing an Early Treatment Diabetic Retinopathy Study logMAR E-chart (Precision Vision, Villa Park, IL) with a standard illumination box. VA measurement began at a distance of 4 m with the top line (20/200) . If the orientation of at least four of the five optotypes was correctly identified, the subject was then tested by dropping down to line 4 (20/100) line, to line 7 (20/50), to line 10 (20/25), and finally to line 11 (20/20) . If the individual failed to identify the top line at 4 m, the subject was advanced to 2 m and then to 1 m, progressing down the chart as described earlier. The lowest line read successfully was assigned as the VA for the eye. Testing for counting fingers, hand movement, light perception, or no light perception was checked on those who unable to identify any optotypes on the chart. The VA was measured in each eye initially without refractive correction or with distance glasses if worn. All the participants with a presenting VA (PVA) 20/25 in either eye received subjective refractive measurements and the best-corrected VA (BCVA) was noted. Subjective refraction was performed by a trained optometrist for those subjects, and autorefractor (RM-8000; Topcon, Tokyo, Japan) readings were used as the starting point for subjective refraction carried out without cycloplegia. For those in whom subjective refraction was not performed, particularly the elderly examined in their homes, BCVA was assumed to be the same as pinhole vision. Intraocular pressure (IOP) was measured by a study ophthalmolgist using a handheld tonometer (Tono-Pen AVIA; Reichert Inc., Depew, NY) device after instilling topical anesthesia (0.4% Benoxil [oxybuprocaine]; Santen Pharmaceuticals, Osaka, Japan). Goldmann applanation tonometry was performed on an optional basis for all glaucoma suspects. The detailed examination of the eyelid, globe, pupillary reflex, lens, and fundi was carried out by an experienced ophthalmologist using a slitlamp (model SL-1E; Topcon), a þ90-diopter (D) lens at 316 magnification and direct ophthalmoscopy. The participants were examined at local community facilities; those who failed to come to the examination site were examined in their home using portable equipment.
Patients with BCVA 20/40 had their pupils dilated for examination. Similarly, if participants' lens and fundus status could not be examined satisfactorily, their pupils were also dilated. Individuals with shallow anterior chambers did not have their pupils dilated. Eyes presenting with PVA 20/40 were assigned a principal cause of visual impairment by the same experienced oculist. Refractive error was considered the cause of visual impairment for those with a VA 20/40 that could be subsequently improved to >20/40 after correction. Cataract was regarded as the main cause of visual impairment if there was no evidence of retinal abnormality in an eye with significant cataract that obscured the vision. Myopic maculopathy was considered only in those with a refractive error exceeding À6.0 D in either eye, in conjunction with one or more of the following ophthalmologic findings: tessellated fundus with yellowish white diffuse or grayish white patchy chorioretinal atrophy, macular hemorrhage, or posterior staphyloma. 12 Age-related macular degeneration (AMD) as a reason for visual impairment was characterized by soft drusen of the retinal pigment epithelium, subfoveal hemorrhage, subretinal and intraretinal edema without any retinal reason detected for it, or a subfoveal disciform scar. Glaucoma was defined according to the International Society for Geographical and Epidemiological Ophthalmology Classification. 13 Diabetic retinopathy was present if the macula showed cystoid macular edema, hard exudates, intraretinal hemorrhages, and microaneurysms. A self-reported diagnosis of diabetes mellitus was a relatively important but not necessary part of the diagnosis of diabetic retinopathy. Other causes for visual impairment were determined according to clinical routine diagnosis.
Definitions
Visual impairment was defined as a BCVA of <20/63 in the betterseeing eye, according to WHO categories of visual impairment. 14 Low vision and blindness were defined as a VA <20/63-20/400 in the better-seeing eye and <20/400, respectively. In addition, the rates of visual impairment were also reported according to the more commonly used definition of legal blindness (a VA 20/200 in the better eye) and low vision (a VA <20/40 to >20/200 in the better eye) in the United States. When two or more disorders might have caused the visual impairment in same eye, the group of examiners was asked to decide which disease was the main cause. If cataract and a posterior-segment lesion of the optic nerve or retina coexisted and removal of cataract would not restore vision, the cause of visual impairment was considered to be the posterior-segment lesion. If dense cataract, corneal opacity, or other diseases prevented any view of the posterior segment while no signs suggestive of any other cause of visual loss were present, the cause of visual impairment was considered to be cataract, corneal opacity, or other diseases. If the two eyes of a subject were visual impaired from two different causes, the team ophthalmologist chose the major cause of impaired vision in the better-seeing eye as the cause for that participant. When the main cause of vision impairment was in doubt, a second experienced ophthalmologist examined the subject again, and then the diagnosis was determined by consensus of the two ophthalmologists.
Statistical Analysis
Prevalence estimates with 95% confidence intervals (CI) were calculated for blindness and low vision. Age-and sex-standardized prevalence of visual impairment and 95% CI were estimated via direct standardization of the study sample to the overall Dali population provided by the 2000 China Census. Association of blindness and low vision with age, sex, and education was estimated using logistic regression.
RESULTS
A total of 2742 persons aged ‡50 years were enumerated, and 2133 (77.8%) participants were successfully examined. Women and the more elderly were most likely to attend the examination. Comparing the demographic characteristics of the enumerated sample with the total population of the Dali city (National Census in 2000), subjects aged 50 to 59 years were underrepresented in the sample (33.5% in the sample versus 45.7% in Dali). Those who refused were more likely to be male, but there was no difference in mean age between this group (64.1 years) and participants (64.6 years). Of the 608 nonexamined subjects, 593 (21.6%) cooperated only in the first step of household interview, and 15 (0.55%) could not be contacted during three visits for the household interview. The main reasons for nonexamination were their refusal to participate, being too busy, having good visual acuity, or our inability to contact the subjects after the interview. In the current study, 18 subjects were unable to complete VA testing successfully due to their incomprehension of such tests. As a result, the analysis of this study was based on the data from 2115 individuals. A total of 35.6% of participants had no education, and 23.7% had an education of secondary or higher level (Table 1) .
Based on the WHO criteria, the unadjusted prevalence of presenting blindness and presenting low vision was 3.59% (n ¼ 76; 95% CI, 2.80-4.39) and 15.22% (n ¼ 322; 95% CI, 13.69-16.75), respectively. These rates were reduced to 2.88% (n ¼ 61; 95% CI, 2.17-3.60) and 7.75% (n ¼ 164; 95% CI, 6.61-8.89) when the BCVA was considered. Based on the US criterion, the unadjusted prevalence of presenting blindness and low vision was 4.96% (n ¼ 105; 95% CI, 4.04-5.89) and 13.48% (n ¼ 285; 95% CI, 12.02-14.93). Unilateral blindness (<20/200 in one eye) was found in 11.63% (n ¼ 246; 95% CI, 10.26-13.00) of the subjects based on PVA, and decreased to 9.93% (n ¼ 210) when BCVA was considered. (Table 2) The age-and sexstandardized prevalence estimate of BCVA-defined visual impairment using the WHO definition was 2.21% for bilateral blindness, 6.09% for bilateral low vision. All estimates of prevalence increased with age, but there was no difference in estimates between men and women. After adjusting for the effect of age and sex, those with a lower level of education (illiterate) tended to be associated with blindness and low vision (Table 3) .
Cataract and refractive error together accounted for approximately 80.0% of the eyes with a PVA less than 20/63 to 20/200 or more. However, cataract-impaired eyes were found mostly among the older individuals ( ‡60 years) while refractive error was more common in the younger group (50 to 59 years). Among those aged 50 to 59 years, refractive error (44.9%) was the predominant cause of visual impairment (PVA <20/63). When BCVA is considered, refractive error is no longer a cause for visual impairment and cataract was assigned as the major cause of visual impairment across all levels of severity (Table 4) . Cataract accounted for 53.0% of PVA-defined low vision and 64.5% blindness (Table 5) . After refractive correction, cataract remained the leading cause of blindness (70.5%), whereas corneal opacity and glaucoma accounted for 8.2% and 6.6% of blindness among participants, respectively.
DISCUSSION
This study provides the first population-based data on the prevalence and causes of visual impairment in the elderly Bai ethnic population ( ‡50 years) in China. The results reported here show that the prevalence of bilateral blindness (PVA <20/ 400 in the better eye) was 3.59%. The adjusted prevalence of presenting bilateral blindness was 2.79%, and using WHO definitions was 2.21%, which is similar to the WHO estimates. 2 Although direct comparison with previous studies in other developed countries might not be appropriate because of the variations in study age groups, the prevalence of blindness and low vision in the YMES was significantly higher than that reported for the Salisbury Eye Evaluation study 4 in the United States, the Blue Mountains Eye Study 5 in Australia, and the Rotterdam Study 15 in The Netherlands. The estimates obtained here are higher than adjusted prevalence estimates reported in the previous studies in Chinese Han population such as Beijing (0.34% in people ‡40 years; PVA <6/60) 16 and Handan (1.5% in people ‡50 years; PVA <20/400) 17 . This may be because all previous surveys are in the more prosperous areas of China compared with Dali. A higher prevalence of blindness might reflect a lower socioeconomic and eye health care system level in their corresponding areas. A recently conducted populationbased survey of Han people in Kunming, Yunnan Province, targeted the same age groups (50 years or older) as the population 18 of this current study, and reported an adjusted prevalence of 2.3% for BCVA-defined blindness, which is similar to the result of the current study (2.21%). There was increasing evidence suggesting an association between age, sex, socioeconomic status, and the risk of visual impairment. 19 Dali is located approximately 300 km west of Kunming, and the Bai populations living in Dali have different customs and cultural backgrounds than Han residents of Kunming. The similar high altitude in Dali (1974 vs. 1892 m in Kunming) and the low gross domestic product per capita in Dali may account in part for the higher prevalence of visual impairment than was seen in previous studies in China. Nearly all the Bai ethnic group lives in rural of Yunnan, which is one of the poorest provinces in China; the results presented herein are likely to be more reflective of the elderly Bai ethnic rural population. The more elderly Bai population had more vision loss, but no sex difference in the magnitude of visual impairment was found, similar to the findings in the Beijing 20 and Liwan. 21 Rapid population aging in China in recent years may also have contributed to the higher estimates detected in the current study. In addition, illiterate Bai people had more blindness and low vision. This is probably because of limited accessibility to eye care services and a lack of awareness of eye diseases among these people.
In agreement with other population-based surveys on the Chinese Han population, cataract was the leading cause of blindness and low vision. This study revealed that approximately 62.2% of visual impairment was due to cataracts, the predominating cause of blindness (43 of 61) and low vision (97 of 164). The high altitude in Dali (1974 m) may account in part for the higher prevalence of visual impairment that was seen in the current study. It is possible that living in higher-altitude areas with increased exposure to ultraviolet light leads to a higher prevalence of cataract. 22 In this survey, the rate of cataract as a major cause of visual impairment increased with age, from 16.7% in people aged 50 to 59 years, 37.2% in those aged 60 to 69 years, 59.7% in those aged 70 to 79 years, to 66.5% in those aged 80 years or more. It was surprising that among Bai people with visual impairment caused by cataracts, only 17.0% (23 of 135) of them were diagnosed in the hospital and the remaining sufferers remained ignorant of the diagnosis. The reasons for no surgery in these subjects suffering cataract might be accounted for by the following three answers: (1) 45% of them believed that worsening vision was a normal part of growing older; (2) 30% could not afford cataract surgery; (3) 25% were afraid of losing vision after cataract surgery. Thus, enhancing the availability and accessibility of eye care services and improving the community awareness of age-related cataracts will reduce the rates of visual impairment caused by cataracts.
Refractive error was the second principal cause for visual impairment when PVA was used. Uncorrected refractive error accounted for approximately one-third of low vision cases, similar to the findings in Shunyi 7 and Doumen. 8 When BCVA was considered, refractive error was no longer the cause for visual impairment. Recently, the WHO pointed out that the use of ''best corrected'' vision overlooks a large proportion of persons with visual impairment, including blindness. For this reason, the WHO recommends using PVA as the criterion for visual impairment. Compared with developed countries, visual impairment caused by AMD was less frequent (8.4%) in the Bai population.
In Western countries, the predominant cause of visual impairment in the elderly population was mostly AMD. In the SEE study, AMD was the major cause of visual impairment among Caucasians, producing 70% of the cases of blindness and 33% of the cases of low vision. 4 In the Baltimore Eye Survey, the second cause of visual impairment was AMD, which contributed to 14.2% of the impaired eyes. 23 Among the (100) 79 (100) 311 (100) 73 (100) 192 (100) 346 (100) 135 (100) 746 (100) For each principal cause, the first row represents the result based on presenting visual acuity while the second row represents the result based on best-corrected visual acuity. Bai people, the rate of visual impairment caused by AMD was markedly higher than most of the related Chinese Han population surveys, 7, 8, 21 but significantly lower than that of studies in Shanghai (17.8%) 24 and Shihpai (10.4%). 12 The reasons for these discrepancies between the YMES and investigations on other studies in China have remained unclear so far. There are two possible reasons for the difference. First, it is possible that Dali's geographic location in high-altitude (1974 m) and low-latitude (Latitude 25825 to 25858 N) areas and long-term outdoor labor among Bai people increases exposure to ultraviolet light, leading to a higher prevalence of AMD. 25 Second, lower levels of education, 26, 27 and more females 26, 28 and elderly participants 29 in this study, combined with relatively poor access to eye care services in Dali, may contribute to these observed differences.
Myopic maculopathy was the third cause of BCVA-defined visual impairment in the Bai ethnic group, accounting for 8.0% of cases. The results are similar to previous findings from other Chinese Han populations: myopic maculopathy accounted for 12.5% of visual impairment in the Shihpai Eye Study in Taiwan, 12 11 .2% in the Handan Eye Study in Hebei, 17 and 9% of bilateral blindness in the Tanjong Pagar survey in Singapore. 30 There appears to be a difference between these results and those of European studies. The Rotterdam Study was the only study reporting a relatively high proportion (6%) of visual impairment cases attributable to myopic maculopathy. 15 Therefore, myopic maculopathy is a unique and important cause of visual impairment in the Chinese population.
Glaucoma was responsible for 5.3% of BCVA-defined visual impairment (4.9% of low vision and 6.6% of blindness) in the Bai population. This figure was close to that in the Handan, 17 in which glaucoma accounted for 6.0% of visual impairment (4.7% of bilateral low vision and 9.7% of bilateral blindness) cases, and also similar to the Beijing Eye Study, 16 which reported that 7.7% of bilateral blindness cases were the result of glaucoma. In contrast, this proportion is remarkably lower than the Tanjong Pagar survey in Chinese residents of Singapore 30 , where glaucoma was identified as the leading cause of unilateral and bilateral blindness, affecting 34% and 60% of the population, respectively. The reason for this difference is unclear. A potential explanation is the Tanjong Pagar survey adopted both visual acuity and visual field criteria in defining blindness. However, in the current study's diagnostic protocols, study authors defined visual impairment only according to the WHO categories of visual impairment, and the visual field loss was not taken into account. This is because study authors intended to use similar criteria to our previous studies in China. Therefore, the true magnitude of glaucomatous visual impairment might be underestimated.
Though the current study's survey included a large sample size, high response rate (77.8%), and the use of standardized protocols, there still remain some limitations. Firstly, the relatively low response rate of the youngest group (aged 50-59 years, 63.7%) was a source of potential bias. Because the rates of visual impairment increase significantly with age, underrepresentation in younger people might result in overestimation of the true prevalence of visual impairment. Secondly, cataract and corneal opacity accounted for 62.2% and 2.7% of visual impairment, respectively, and severe lens and corneal opacity may prevent examiners from detecting posterior-segment eye diseases, leading to a possible underdetection of retinal pathology, myopic maculopathy, AMD, and glaucoma. Finally, similar to previous studies in China, 12, 17, 21 the Lens Opacity Classification System III was not used to diagnose cataract. Study authors adopted the clinical diagnostic criteria of cataract, which does not affect the analysis of the cause of blindness and low vision. Owing to nonstandardized grading of cataract, this current study has a significant limitation in the assessment and comparison of the severity of cataract.
In conclusion, study authors reported the primary results of prevalence and causes of visual impairment in elderly Bai ethnic group ( ‡50 years) in rural China. In this study, the prevalence of blindness and low vision is higher than that observed in the Chinese Han population. As potentially treatable eye diseases, cataract and uncorrected refractive error are the most important causes of visual impairment. When BCVA was considered, refractive error was no longer the cause for visual impairment. These findings justify the need for eye care programs and visual impairment rehabilitation services in Minority regions.
